Nore and RASSF1A are noncatalytic proteins that share 50% identity over their carboxyterminal 300 AA, a segment that encompasses a putative Ras-Rap association (RA) domain. RASSF1 is expressed as several splice variants, each of which contain an RA domain, however the 340 AA RASSF1A, but not the shorter RASSF1C variant, is a putative tumor suppressor. Nore binds to Ras and several Ras-like GTPases in a GTP dependent fashion however neither RASSF1 (A or C) or the C. elegans Nore/RASSF1 homolog, T24F1.3 exhibit any interaction with Ras or six other Ras-like GTPases in a yeast two-hybrid expression assay. A low recovery of RASSF1A (but not RASSF1C) in association with RasG12V is observed however on transient expression in COS cells. Nore and RASSF1A can each eciently homodimerize and heterodimerize with each other through their nonhomologous aminoterminal segments. Recombinant RASSF1C exhibits a much weaker ability to homodimerize or heterodimerize; thus the binding of RASSF1C to Nore is very much less than the binding of RASSF1A to Nore. The association of RASSF1A with RasG12V in COS cells appears to re¯ect the heterodimerization of RASSF1A with Nore, inasmuch the recovery of RASSF1A with RasG12V is increased by concurrent expression of full length Nore, and abolished by expression of Nore deleted of its RA domain. The preferential ability of RASSF1A to heterodimerize with Nore and thereby associate with Ras-like GTPases may be relevant to its putative tumor suppressor function.
Introduction
Ras is a small GTP-binding protein involved in many cellular processes including proliferation, dierentiation and apoptosis (Shields et al., 2000) . This small GTPase exists in two conformations, a GTP-bound active state and a GDP-bound inactive state. This conformational change renders Ras able to interact with its downstream eectors, which are de®ned as proteins that speci®cally bind to GTP-bound form of Ras, and mediate some component of Ras' cellular actions. The best studied eectors are Raf (Avruch et al., 1994; Morrison and Cutler, 1997; Keikhoft and Rapp, 1998; Avruch et al., 2001) , a serine-threonine kinase that controls the MEK-ERK pathway; PI-3 kinase (Rodriquez-Viciana et al., 1994 whose activity is required for activation of PKB; and the members of the Ral GEF family (White et al., 1996; Feig et al., 1996; Wolthuis and Bos, 1999) that control the activation state of the Rasrelated protein Ral. Several noncatalytic proteins also interact with active Ras. These include AF-6 (Kuriyama et al., 1996) , Rin-1 (Han et al., 1997) , and Nore1 (Vavvas et al., 1998) .
Nore1 was discovered as a protein that interacts speci®cally with active Ras in a two-hybrid screen, and was subsequently shown to bind Ras in vivo in response to EGF or serum-stimulation. Nore1 is a 413 amino acid protein that contains several PXXP motifs in its aminoterminal segment (AA 17 ± 108), a central C1 zinc ®nger (AA118 ± 165) and a Ras-Rap association domain (AA267 ± 358) homologous to those in AF-6 and the Ral GDS family (Ponting and Benjamin, 1996) . The closest mammalian homolog to Nore is the putative tumor suppressor RASSF1A, one of the longer (340AA) splice variants of the RASSF1 gene located on Chr 3p21 (Dammann et al., 2000; Lerman and Minna, 2000) .
Recently, several additional Nore homologs have been reported, namely RASSF2, RASSF3 and AD037; the biologic functions of these polypeptides is not known.
The carboxyterminal 300 amino acids of Nore and RASSF1A, encompassing the zinc ®nger and RA domains, are approximately 50% identical (70% similar) to each other in amino acid sequence; moreover this segment of each protein is about 40% identical to a central region of the 615AA C. elegans polypeptide T24F1.3. The considerable phylogenetic conservation of the amino acid sequence points to the likelihood that one or more conserved functions common to all three polypeptides is mediated by this segment. Inasmuch as all three polypeptides contain within this conserved segment a domain corresponding to that in the Ral GDS/AF-6 polypeptides that binds selectively to Ras GTP, and Nore has been shown to bind directly to Ras GTP, we inferred that the GTPdependent binding of a Ras-like GTPase was probably the common conserved function. This view was reinforced by a recent report describing the binding of RASSF1C to Ras GTP in vivo and in vitro (Vos et al., 2000) . In seeking to con®rm this hypothesis however, we were surprised to ®nd that neither RASSF1 or T24F1.3 exhibited signi®cant binding to active mutants of Ras in a yeast two-hybrid assay. We therefore set out to compare the ability of Nore and RASSF1 to bind Ras-like GTPases, and to each other.
Results
Employing the yeast two-hybrid expression assay as described by Durfee et al. (1993) Nore, RASSF1A, RASSF1C and a fragment of T24 F1.3 encompassing amino acids 247 to 601 were coexpressed in S. Cerevisiae with each of seven Ras-like GTPases. The latter were modi®ed by replacement of a Glycine in the GTP-binding domain so as to inhibit intrinsic GTPase activity, and by deletion of the carboxyterminal prenylation motifs, so as to facilitate nuclear transfer and avoid growth suppressive artifacts. The relative binding, estimated by assay of the activity of the induced beta galactosidase, is shown in Table 1 . Nore associates most strongly with M-Ras/Rras3, Ki-Ras, R-Ras and Rap 2A, followed by TC21/R-Ras2. HaRas and Rap1b exhibit comparable binding. No signi®cant association with RalA was observed. Inasmuch as we have previously shown that endogenous Nore can be recruited to endogenous Ras in response to EGF (Vavvas et al., 1998) , it is possible that the binding of Nore to other GTPases, e.g. MRas/R-Ras3 or R-Ras also occurs in vivo. We have con®rmed that Nore binds to an active mutant of MRas/R-Ras3 during transient expression in mammalian cells (not shown).
In marked contrast to the ability of Nore to interact with several Ras-like GTPases, the Nore homologs RASSF1A and C, as well as T24F1.3 showed no induction of beta galactosidase that was signi®cantly dierent than that seen in the negative controls, e.g. Ras vs. p53 (Table 1 ). The expression of the other Nore homologs was veri®ed by HA-immunoblot of yeast extracts; RASSF1C and T24F1.3 are expressed at levels similar to the small GTPases, whereas the expression of Nore and RASSF1A is substantially lower (data not shown). Nevertheless, RASSF1A shows signi®cant interaction with cloneA. Moreover, inadequate expression does not account for the inability of RASSF1A to interact with small GTPases as RASSF1A and RASSF1C share an identical RA domain, and RASSF1C, although well expressed, also lacks detectable binding to the Ras-like GTPases. Thus it appears that RASSF1 and T24F1.3 do not interact directly with the Ras-like GTPases examined.
In view of the prior detection of a RASSF1C/ RasG12V interaction during transient expression in mammalian cells (Vos et al., 2000) , we compared the ability of RasG12V to associate with Nore, RASSF1A, RASSF1C and T24F1.3 during transient expression in COS cells. As is evident in Figure 1 , Nore associates strongly with RasG12V, and conversion to Ala of a set of amino acids (301 ± 304 LKKF) in the Nore RA domain, that is well conserved in RASSF1 (LRKF) and T24F1.3 (LKKF) nearly eliminates the ability of Nore to bind RasG12V ( Figure 1a) ; thus the binding of Nore to Ras-GTP is mediated through the Nore RA domain, as expected. In contrast to Nore, neither RASSF1 (A or C) or T24F1.3 exhibit detectable association with RasG12V ( Figure 1a) . In other experiments however, detectable recovery of RASS-F1A, but never RASSF1C, with RasG12V could be observed ( Figure 1b,c) ; thus whereas approximately 20% of coexpressed Nore is recovered in the Ha RasG12V immunoprecipitate, the recovery of RASS-F1A is well under 2% ( Figure 1b) . Zhang et al. (2001) recently presented compelling evidence that the wildtype allele of Ki Ras2 acts as tumor suppressor. Consistent with this idea, Ras S17N, a constitutively GDP-liganded mutant, has been shown to suppress the transforming activity of RasG12V (Stewart and Guan, 2000) . Such an action of Ki-Ras might be explained if Ras-GDP were able to recruit an eector with tumor suppressor activity (e.g., RASS- (a) Cos-7 cells, grown on 10 cm plates, were transfected with 7 mg of either pEBG (lanes 1 ± 5) or pEBG-RasG12V (lanes 6 ± 10) and 12 mg of FLAG-vector or FLAG-RA domain proteins, as indicated. Cells were lysed, GST-tagged proteins were isolated from cell extract and subjected to Western blot analysis as described in experimental procedures. Upper panel: proteins retained on GSH agarose beads were probed with anti-FLAG antibody. Middle panel: extract of lysed cells was probed for protein expression with anti-FLAG antibodies. Lower panel: extract of lysed cells was probed for protein expression with anti-GST antibodies. Nore1 4Ala, Nore1 mutant L301A, K302A, K303A, F304A. (b) Cos-7 cells grown in six-well dishes were transfected with either CMV-HA vector or CMV-HA -Ha RasG12V, FLAG-RASSF1 (A or C) (0.3 mg) or FLAG-Nore (0.3 mg). Cells were extracted 40 h after transfection and aliquots containing equal protein were subjected to anti HA immunoprecipitation. The FLAG blot of the HA immunoprecipitates shown in the upper panel (lanes 2,3,5,6,8 and 9); and the HA blot in the lower panel (lanes 1,4 and 7) contain 1% of the extract used in (lanes 3,6 and 9) respectively. (c) COS-7 cells grown in 6-well dishes were transfected with vectors encoding Ha-Nore (0.3 mg) or HA RASSF1A (0.3 mg) or Ha-RASSF1C (0.3 mg), each with 0.3 mg of CMV5-FLAG vector, or CMV5 FLAG encoding cHa-Ras, Ha-Ras G12V, Ha-Ras S17N or cKi-Ras. Cells were extracted 40 h after transfection. Aliquots of the extracts, matched for protein, were subjected to anti-FLAG immunoprecipitation. The washed FLAG IPs and aliquots of the extracts were subjected to immunoblot as indicated. The blot transfers of the FLAG IP were incubated with anti HA antibody and processed together, so that the relative recovery of the Ras variants with Nore, RASSF1A and RASSF1C shown in the upper panels is directly comparable F1A). We therefore examined the ability of RASSF1A, RASSF1C and Nore to bind wildtype Ha-and Ki Ras, as well as the mutants G12V and S17N (Figure 1c) . Nore binds strongly to the wildtype Ras polypeptides and especially to Ras G12V, but not at all to Ras S17N. RASSF1A exhibits barely detectable binding to wildtype Ha-and Ki-Ras and to RasG12V, but no binding Ras S17N. RASSF1C shows no detectable binding to any of the Ras variants (Figure 1c) . Thus, RASSF1A exhibits no ability to bind Ras-GDP and is therefore unlikely to serve as a Ras-GDP eector.
In considering the mechanisms that might account for slight binding of RasG12V to RASSF1A but not RASSF1C in mammalian transfection experiments, A B C RASSF1A and Nore1 dimerization S Ortiz-Vega et al whereas neither RASSF1 isoform exhibits signi®cant association with Ras G12V in a yeast two-hybrid assay, the hypothesis arose that RASSF1A might heterodimerize with a Ras-GTP binding protein, such as Nore1. We therefore examined whether the RASSF1
and Nore polypeptides are capable of homo-and heterodimerization. As shown in Figure 2 left, GST Nore (but not GST) binds FLAG Nore as well as FLAG RASSF1A; reciprocally GST RASSF1A (but not GST) binds both FLAG RASSF1A and FLAG Nore (Figure 2a, right) . The ability of Nore to dimerize resides in the Nore aminoterminal segment, amino acids 1 ± 267; the carboxyterminal Nore segment (amino acids 251 ± 413) does not associate with full length Nore (Figure 2b ). The ability of Nore to bind RASSF1A occurs through the RASSF1A aminoterminal domain (amino acids 1 ± 119) (Figure 2c ). This segment is expressed exclusively in the RASSF1A isoform, and is not present in the RASSF1B or RASSF1C splice variants. The ability of RASSF1A to form homodimers also resides in this aminoterminal domain; thus full length RASSF1A binds RASSF1A (1 ± 119), but not to RASSF1C in most experiments (Figure 2d ). RASSF1C exhibits a much lesser ability to homodimerize as compared with RASSF1A or Nore ( Figure 2e ) and little (Figure 2e ) or no (Figure 2c ) ability to heterodimerize with Nore, especially as compared with RASSF1A ( Figure 2c ). Thus RASSF1A but not RASSF1C can readily form a dimer with the Ras-GTP binding protein, Nore.
If the ability of RasG12V to coprecipitate RASSF1A depends on the ability of RASSF1A to form heterodimers with an endogenous Ras-GTP binding protein such as Nore, the expression of additional amounts of recombinant Nore should promote the recovery of recombinant RASSF1A with RasG12V. The occurrence of such a facilitation is shown in Figure 3a ; coexpression of increasing amounts of HaNore with FLAG RASSF1A causes a progressive and substantial increase in the recovery of FLAG RASS-F1A with RasG12V.
If the association of recombinant RASSF1A with RasG12V is dependent on the ability of RASSF1A to form heterodimers with endogenous Nore then overexpression of a truncated Nore fragment, that can compete with endogenous Nore for RASSF1A, but is unable to convey RASSF1A to RasG12V, should interfere with the ability of RASSF1A to associate with RasG12V. As shown in Figure 3b , coexpression of the Nore aminoterminal fragment (1 ± 267) lacking the RA domain, abolishes completely the association of RASSF1A with RasG12V. By contrast, this Nore aminoterminal fragment does not interfere with the binding of full length Nore to RasG12V (Figure 3c ). Based on the results shown in Figures 2 and 3 , we conclude that RASSF1A associates with RasG12V in mammalian cells indirectly, through its ability to heterodimerize with a Ras-GTP binding protein, either Nore itself, or another Nore homolog capable of binding both RASSF1A and Ras-GTP.
Discussion
This report describes three novel ®ndings: (1) Both Nore and RASSF1A are able to homodimerize as well as heterodimerize with each other whereas RASSF1C has very much weaker ability to homo-or heterodimerize. The dimerization of RASSF1A appears to require the RASSF1A aminoterminal 119AA which are not found in the B and C isoforms, and thus signi®cant RASSF1 dimerization is probably restricted to splice variants that contain the segment encoded in exon 1a.
(2) Neither RASSF1 (A or C) or its C. elegans homolog T24F1.3 is able to bind directly to any of seven Ras-like GTPases, although the ability of RASSF1A to heterodimerize with Nore may confer an indirect association with Ras/GTP in vivo. (3) Nore binds to several Ras-like GTPases in addition to HaRas, especially members of the R-Ras branch of the subfamily. Moreover, although Nore binds a nonprenylated Ki RasG12V slightly better than HaRasG12V in a two-hybrid assay, wildtype cHa-Ras binds Nore better than cKi-Ras during transient expression in COS cells.
The function of Nore is not yet known, and consequently the functional signi®cance of Nore dimerization is also unknown. Nevertheless, the ability of Nore to associate with Ras in vivo after serum stimulation indicates that Nore does mediate some aspect of Ras action. Moreover, inasmuch as Raf, a bona ®de Ras eector, has been shown to occur as dimers (Luo et al., 1996) , and to be activated by forced dimerization, and Ras-GTP activation of Raf in vitro appears to require Ras dimerization (Inouye et al., 2000) , it is likely that Nore dimerization will also prove to be relevant to its function.
The RASSF1 gene is located on Chr 3p21 in a region that shows loss-of-heterozygosity (LOH) in nearly all small cell lung cancer (SCLC)-derived cell lines, a large fraction of NSCLC and several other human tumors (Dammann et al., 2000; Lerman and Minna, 2000) . Damman et al. recently reported that the expression of the RASSF1A splice variant is selectively extinguished in nearly all SCLC derived cell lines examined, whereas the expression of RASSF1C isoform is unimpaired. Moreover, reintroduction of RASSF1A expression in SCLC lines reduces colony formation, growth in soft agar and tumorigenesis in nude mice, leading to the proposal that the RASSF1A isoform is (at least one of) the major tumor suppressor gene products encoded in this region.
Our inability to detect any direct interaction between RASSF1C and RasG12V contrasts with a recent report (Vos et al., 2000) describing the binding of RASSF1C to Ras-GTP in cell extracts and during transient expression in 293T cells. The latter experiments employed much higher amounts of RASSF1 cDNA and 10 ± 30-fold higher ratios of RASSF1 to Ras DNA than used in the present experiments. Our results establish that the relative anity for Ras of RASSF1 as compared to Nore must be very low, and we consider it unlikely that RASSF1 will interact directly with Ras-GTP in vivo. Conversely, the indirect and selective association of the RASSF1A isoform with Ras-GTP through RASSF1A heterodimerization with Nore may be relevant to the putative tumor suppressor action of RASSF1A. As yet however, the understanding of the biochemical actions of RASSF1A is at an early stage. Vos et al. reported that overexpression of RASSF1C could promote apoptosis of 293T cells in a RasG12V-dependent manner. Thus the roles of Ras, other Ras-like GTPases, Nore and apoptosis in the putative tumor suppressive function of RASSF1 will require much further investigation.
The family of proteins homologous to Nore, i.e. RASSF1-3, AD037 and the C. elegans polypeptide T24F1.3 each contains a putative Ras-Rap association (RA) domain (Ponting and Benjamin, 1996) in their carboxy-terminal segment, and Nore was isolated by its anity for Ras-GTP. Consequently the ®nding that two members of this polypeptide family exhibit no ability to bind to any of seven Ras-related GTPases was unexpected, but not unprecedented. Thus Kalhammer et al. (1997) reported that the predicted RA domain in myr5 showed no binding to Ras in a two-hybrid assay or in vitro. The features that de®ne an RA domain were compiled using the sequences of the known Ras-Rap binding domains or AF-6, Canoe (Dros AF6) and the Ral-GDS family (Ponting and Benjamin, 1996) . The motif thereby developed predicted the presence of the previously identi®ed RA domain in the Rin polypeptides and predicted the presence of previously unknown RA domains in a number of polypeptides (including T24F1.3) several of which subsequently have been veri®ed experimentally. Thus the C. elegans phospholipase C, PLC210 (F31B12.1) (Shibatohge et al., 1998) and its human homolog PLCe do contain two functional RA domains, as predicted. Although both appear to be required for Ras-GTP activation of PLCe (Song et al., 2001; Kelley et al., 2001) in vivo, only RA-2 binds Ras-GTP4Ras-GDP; RA-1 binds Ras speci®-cally but with a much lower anity than RA-2 and independently of GTP (Kelley et al., 2001) . Thus among the RA domains examined thus far, several bind to a Ras-like GTPase in a GTP speci®c manner, at least one binds to Ras speci®cally, but in a GTP independent manner (PLCe RA-1), and RASSF1 and T24F1.3 do not bind at all to any of seven Ras-like GTPase. We have not yet examined several Ras-like GTPases (e.g. Rheb, Rin, Rit) for their ability to bind to RASSF1, however those RA domains that do bind a Ras-like GTPase actually bind to several members with varying anity; the lack of any detectable binding of RASSF1/ T24F1.3 to any of seven Ras-like Smgs makes it much less likely that another member of the Ras-like subfamily will prove to be a physiologic ligand for the RASSF1 RA domain.
The RA domain in T24F1.3 is about 40% identical in amino acid sequence to those in both Nore and RASSF1. This degree of sequence conservation implies a conserved function yet Nore binds several GTPases and RASSF1 binds none of those examined. The Interpro project has identi®ed two S. Cerevisiae polypeptides that contain RA domains, namely Ste50 and Adenyl Cyclase (Rubin et al., 2000) . The ability of Ste50 to bind Ras has not been reported, but the RA domain of S. Pombe homolog Ste4 does not bind Ras in a two-hybrid assay (Barr et al., 1996) . S. Cerevisiae Adenyl Cyclase is a Ras-GTP binding protein, however this interaction is not mediated by the RA domain (Akasaka et al., 1996; Shima et al., 1997) , but by the leucine rich repeats that are situated carboxyterminal to the RA domain. Thus we infer that the primarỳ founding' ligand partner for the RA domain is not a small GTPase, but another partner yet to be identi®ed. The ability of RA domains to bind Ras-like small GTPases appears to have been acquired subsequent to the emergence of this domain, and it is possible that those RA domains that have acquired the ability to bind Ras-like GTPases may yet also retain the ability to bind another class of partners, presumably related to those that bind the RASSF1 RA domain. It is important to note that the primary sequence of the Ras-binding domain of the Raf kinase does not conform to the RA motif, suggesting that the ability to bind Ras-like Smgs evolved independently, but in a convergent manner; in spite of their lack of sequence similarity, the tertiary structure of the Raf RBD (Nassar et al., 1995) and the Ral GDS RA domain (Huang et al., 1997) exhibit a similar ubiquitin superfold. The diversity in Ras-binding motifs is greater yet, as the aminoterminus of the Byr2 kinase binds Ras-GTP speci®cally (Akasaka et al., 1996) but shares no resemblance in primary sequence to either the Raf RBD or RA motifs.
Nore, although isolated as a putative Ras eector, binds to several other Ras-like GTPases, in particular M-Ras/Ras3 and R-Ras. We have con®rmed the ability of Nore to bind R-Ras or R-Ras3 on coexpression in mammalian cells (data not shown). Inasmuch as endogenous Nore has been shown to associate with endogenous Ras in response to EGF in intact cells (Vavvas et al., 1998) , it is likely that activation of RRas or R-Ras3 will recruit Nore, i.e., based on avidity of interaction, Nore is as likely an eector of both RRas and R-Ras3 as of Ras. Little is known of the physiologic programs controlled by R-Ras3 (Reuther and Der, 2000) . Although M-Ras/R-Ras3 is most abundant in brain, skeletal and cardiac muscle, it is widely expressed, and in NIH3T3 cells, e.g. is more abundant than Ras (Gotz et al., 1999) . This GTPase, like Ras can be activated in vitro by both mSOS and Ras GRF, and is therefore likely to be recruited by many of the same stimuli that activate Ras (Ohba et al., 2000) . GTPase de®cient forms of M-Ras can weakly transform NIH3T3 cells, and induce IL-3 independent growth in BaF3 cells (Gotz et al., 1999) . R-Ras3 interacts weakly with Rafs, PI-3Kd and Ral-GDS, but more avidly with Nore1, AF6, Rin and the novel Ral-GDS homolog RPM/RGL3 (Quilliam et al., 1999; Ehrhardt et al., 2001) . The present studies support the idea that Nore functions as an M-Ras/ Ras3 eector, and introduces the possibility that RASSF1A, through its ability to dimerize with Nore, may also be recruited by M-Ras/R-Ras-3.
Materials and methods

DNA constructs
cDNAs encoding the dierent proteins were subcloned in either CMV5-FLAG, CMV5-HA or pEBG as described in the ®gure legends. Nore1 full length coding region, RASSF1A and C isoform coding sequences and a fragment of C. elegans T24F1.3 encompassing amino acids 247 ± 601 were subcloned into the yeast two-hybrid bait vector, pAS1-CYH2. The small GTPase proteins were mutated to a GTPase de®cient form, deleted of their carboxyterminal prenylation motif and inserted into the vector pACT2. The small GTPases examined were: Ha-Ras (G12V), Rap 1b (G12V), RalA (G12V), Rap2A (G12V), MRas (G22V) and RRas (G38V). Clone A encoded in pACT2 was found to interact with pAS1-CYH2 encoded-Nore, RASSF1A and C and T24F1.3 but not pAS1-CYH2 alone or encoding p53, and was therefore employed to verify expression of the Norerelated sequences.
Quantitative two-hybrid assays
The yeast strain Y190 yeast was transformed with the desired plasmid pairs using standard methods (Clontech manual yeast protocols handbook PT 3024-1). Following selection on CSM plates supplemented with appropriate amino acids (-TRP-LEU and other dropouts mixes from BIO101), double transformant clones were isolated. Liquid medium selective for the TRP and LEU plasmids was used to grow up Y190 cells harboring the indicated plasmid pairs overnight; aliquots were sub-inoculated into YPD medium, grown to an OD of 0.5 to 0.8, and harvested. Pellets were processed using the Pierce Yeast Beta Galactosidase assay kit (#75768) according to manufacturers instructions. Beta galactosidase activity was measured at 2 min intervals, on a Molecular devices Spectramax 384 instrument interfaced with PC-based Softmax 3.1 software, by subtracting the OD 660 from the OD420 of cell suspensions plus substrate for each sample. Initial rates were estimated by extrapolation of the linear component of the progress curve. Controls used to calibrate the progress of both assays were as follows: full length GAL4 alone (plasmid CL1 Clontech); plasmid pair p53/SV40 Large T antigen (VA3-1/TD1, Clontech), productive of a positive protein-protein interaction. Candidate pACT2 clones plus p53 in pAS1-CYH2 (VA3-1), and Candidate pAS1-CYH2 constructs plus SV40 large T in pACT2 (TD1-1) did not produce Beta-galactosidase and served as negative controls.
Transfection and binding in COS cells
Cos-7 cells were maintained in DMEM supplemented with 10% FBS. Cells in 6-well tissue culture plates were transfected using Lipofectamine (6 ml per well) according to the manufacturer's instructions. Extractions were performed 40 h after transfection. Cells were lysed in a buer containing 30 mm HEPES, pH 7.4, 1% Triton X-100, 20 mm bglycerophosphate, 1 mM orthovanadate, 20 mm NaF, 20 mm KCl, 2 mm EGTA, 7.5 mm MgCl2, 14 mm bmercaptoethanol, and a mixture of protease inhibitors. Lysates were centrifuged at 15 000 r.p.m.610 min. Supernatants were incubated with GSH-agarose beads for 3 h at 408C, the beads were washed four times with lysis buer. The bound proteins were eluted in SDS sample buer and subjected to SDS ± PAGE, transferred to PVDF membranes, and probed using the antibodies indicated. Bound antibodies were detected using ECL.
